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APOLCO 7 (MISSION C )  OPERATIONAL ALEERNATE MISSION PLAN 

By Alexie H. Benney, Jr. and Samuel L. Miller 

Current a l t e rna te  mission s t ra tegy being considered f o r  the  Apollo 7 
mission is presented. 
and 3-day plans) a r e  presented w i t h  spec i f i c  var ia t ions  of each depending 
on whether o r  not t h e  S-IVB stage is available,  spacecraft  system l i f e -  
time problems, and the amount of' available SFS propellant. 
rendezvous plan considering a 1-day delay is a l so  presented together  with 
an evaluation of t he  detai led test objective achieved by the various 
a l t e rna te  missions. 
contacts a re  included f o r  each a l te rna te  plan. 

Three general a l t e rna te  missions (1-day, %day, 

An a l t e rna te  

The maneuver p l a n , .  l i gh t ing  his tory,  and s t a t i o n  

Since none of the  proposed al ternate  mission prof i les  schedule 
more maneuvers or  require longer system duty cycles than the nominal 
mission, it is concluded t h a t  the consumable margins would be l a rge r  than 
f o r  the  nominal mission. 

INTRODUCTION 

This document presents the current a l t e rna te  mission s t ra tegy  being 
considered f o r  the Apollo 7 mission support and control.  
together with the known limited capabi l i t i es  of t he  vehicle w i l l  provide 
f l i g h t  cont ro l  with a comprehensive, but f i n i t e ,  s e t  of a l t e rna te  missions 
t h a t  could be supported i n  r e a l  time i n  order t o  accomplish a s  many de ta i led  
t e s t  objectives a s  possible. The plans presented e s sen t i a l ly  consider 
whether o r  not the S-IVB is ava i l abk  and the amount of SPS propellant 
avai lable .  

This plan 

These plans consider only the mission prof i le  e f f ec t s  of a func t iona l  
f a i l u r e  and not an analysis of the f a i lu re .  The only f a i lu re s  which 
require  any planning are  those which (1) abbreviate the  duration of the 
mission, (2) require the spacecraft t o  expend propellant t o  a t t a i n  a 
safe  o rb i t ,  o r  ( 3 )  require a delay i n  the rendezvous. With the exception 
of the  terminal phase of the rendezvous, GNCS f a i l u r e s  do not necessar i ly  
require any maneuvers t o  be deleted. Supporting t r a j ec to ry  data and 
maneuver plans f o r  representative cases of the more complex missions are  
provided . 
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SYMBOLS 

ANG 

C O I  

CM 

CRO 

CSM 

CY1 

DTO 

ETR 

F D A 1  

G&N 

GNCS 

HAW 

rn 
MIL 

m 
NCC 

NSR 

PUGS 

RCS 

RTACF 

Krcc 
scs 
SLA 

Antigua t racking  s t a t i o n  

Contingency o r b i t  i n s  e rt ion 

Command module 

Carnarvon t racking s t a t i o n  

Command and service modules 

Canary Island t racking s t a t i o n  

Detailed t e s t  object ive 

Eastern Test Range 

Fl ight  d i r ec to r  a t t i t u d e  ind ica tor  

Guidance and navigation 

Guidance navigation and cont ro l  system 

Hawaii t racking s t a t i o n  

Lunar module 

Milam tracking s t a t i o n  

Manual t h r u s t  vector cont ro l  

Corrective combination maneuver 

Concentric maneuver 

Propellant u t i l i z a t i o n  and gauging system 

Reaction cont ro l  system 

Real-Time Auxillary Computing F a c i l i t y  

Real- Time Comput ing Complex 

S tab i l i za t ion  and con t ro l  system 

Spacecraft-IN adapter 

4 
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Sps 

tff 

PI 

TVC! 

AV 

Service propulsion system 

Time of free f a l l  

Terminal phase i n i t i a l i z a l d  on 

Thrust vector con t ro l  

De l t a  velocity 

ALTEFNATE MISSION PLANNING GUIDELINES 

AND PEIiTINENT TEST OBJECTIVES 

Guide l i n e s  

The following agreed upon a l te rna te  mission planning guidelines 
were followed. 

1. Missions greater  than 3 days i n  durat ion w i l l  be planned i n  
rea l  time. 

2. I n  addi t ion t o  a l te rna te  missions of 1, 2, or 3 days duration, 
an a l t e rna te  rendezvous plan involving a 1-day delay i n  the  rendezvous 
i s  considered. 

3 .  Minimize addi t iona l  crew training.  

4. A l l  SPS executed maneuvers, with the exception of t he  minimum 
impulse and deorbi t  burns, w i l l  occur over Cape Kennedy o r  Carnarvon. 

5. A preparation t i m e  of two o r b i t s  i s  required f o r  an SF3 maneuver 
(ref.  1, sect ion 4-25). 

6. Orbited maneuvers were targeted t o  achieve 

(a )  perigee a l t i t u d e  between 80 and 140 n. m i .  i n  order t o  s t ay  
above minimum perigee heat ing l i m i t  and within SM RCS deorbi t  
c a pab ilit y . 

(b) maximum apogee a l t i t ude  below 500 n. m i .  i n  order t o  minimize 
rad ia t ion  hazards (ref . 1, sect ion 4-31). 

7. An SPS C O I  maneuver s a t i s f i e s  the SCS AV con t ro l  DTQ. 

8. No addi t iona l  RTCC processors w i l l  be necessary. Unusual r ea l -  
time data processing requirements w i l l  be considered f o r  incorporation 
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i n t o  the  RTACF. 

9. Spacecraft GNCS fa i lu re  causes the  terminal phase of the  rendezvous 
plan t o  be deleted. 

Test Objectives 

Many of the DTO's f o r  t h i s  mission require spacecraft  t rans la t ion  
Each of the  a l te rna te  maneuvers and/or spec i f ic  a t t i t ude  orientation. 

mission prof i les  generated schedules a s  many of these t r a j ec to ry  and 
a t t i t ude  related objectives as possible within the  guidelines s ta ted  above 
and within the specified spacecraft capabi l i ty .  The tes t  objectives are  
l i s t e d  and described below. A detai led discussion of each is  contained 
i n  reference 2. 

1. Radiator heat  re jec t ion  and degradation (M7.19). The objective 
i s  t o  evaluate the performance of the  ECS radiators  and ver i fy  the  ade- 
quacy of the  design as ear ly  i n  the  Apollo Program as  possible. 
required a t t i t ude  simulation i s  t o  maintain an a t t i t u d e  which r e s u l t s  i n  
one rad ia tor  being pointed toward the ear th  f o r  6 hours. This objective 
i s  the  h ighes t -p r io r i ty  t e s t  objective f o r  t h i s  mission. 

The 

2. SPS Perforniance (P3.15). This objective requires t h a t  two 
gauging sensors i n  the  SPS propellant system be uncovered with a s ingle  
SPS burn. It i s  the s'ixth objective in  the  DTO p r i o r i t y  l i s t .  The 
requirement f o r  the  21st objective i n  the  DTO p r io r i ty  l i s t  (primary 
auxi l ia ry  propellant gauging system, P3.16) i s  ident ical .  

3. GNCS AV control  ( P L l 2 ) .  GNCS AV con t ro l  i s  the  seventh objective 

(1) SPS maneuver from 10-30 seconds i n  duration, (2) SPS 
i n  the DTO pr ior i ty  l ist .  Three maneuvers a re  required t o  s a t i s f y  the 
t e s t  objective: 
maneuver less than 8 seconds i n  duration, and ( 3 )  RCS maneuver from 2-12 
seconds i n  duration. 

4. SCS a v c o n t r o l  (p2.5). SCS n v c o n t r o l  is the  ninth objective 
The requirement i s  f o r  an SFS maneuver t h a t  i n  the DTO pr ior i ty  l i s t .  

i s  under SCS control  and greater  than 5 seconds i n  duration. 

5. Sextant tracking (P1.10). This objective requires  t h a t  the 
crew employ the sextant t o  determine the  r e l a t ive  t r a j ec to ry  between 
the  CSM and the S-IVB f o r  use i n  onboard rendezvous calculations.  It 
i s  the 13th i n  the  DTO pr io r i ty  l i s t .  

6. CSM-active rendezvous (F20.13). The objective i s  t o  demonstrate 
the capabi l i ty  of the CSM t o  rescue the IN. It is the  14th i n  the  DTO 
pr io r i ty  l ist .  
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7 .  Separation, transposit ion,  and simulated docking ( ~ 2 0 . 8 ) .  
This object ive requires  t h a t  the crew separate the CSM from the S-IVB, 
tu rn  the  CSM such t h a t  the crew faces the  S-IVB and performs a simulated 
docking. This objective i s  the  15th i n  the DTO p r i o r i t y  list.  

8. SM-SLA deployment system (p7.21). This object ive is the  16th. 
i n  the  DTO p r io r i ty  l ist .  The objective is t o  ver i fy  t h a t  the SLA panels 
a r e  deployed properly f o r  IM extraction. 

9. SPS minimum-impulse maneuvers (P3.14). This cbject ive i s  the  
20th i n  the  DTO p r io r i ty  l i s t .  
maneuvers less than 1 second i n  duration be performed. An SPS maneuver 
of greater  length must separate the minimum-impulse tests. 

The object ive requires  t h a t  two SPS 

10. GNCS MTVC aV takeover (~2.6). This objective is the  22nd i n  
the  DTO p r io r i ty  l i s t .  
con t ro l  the  spacecraft  a t t i t u d e  for  5 seconds while the  SPS engine i s  
burning. 
manual takeover and completion. 

The requirement is t o  al low the  crew t o  manually 

Thirty seconds of SPS burn under GNCS cont ro l  must preceed the  

The GNCS AV cont ro l  objective requires  an SM RCS maneuver under 
GNCS control .  
merely be a scheduling problem. 
i n  length it w i l l .  be assumed t h a t  t h i s  objective is s a t i s f i e d .  

This maneuver would not perturb the t r a j ec to ry  and would 
If the  mission is greater  than 1 day 

DETAILED ALTERNATE MISSION DESCRIPTION 

The three general a l t e rna te  missions (1-day, g-day, and 3-day plans) 
and spec i f ic  var ia t ions of each depending on whether o r  not the  SIVB 
stage i s  avai lable  are presented here. An a l t e rna te  rendezvous plan 
considering a 1-day delay is  a l s o  presented. 

A j u s t i f i c a t i o n  of the need f o r  each a l t e rna te ,  a general  descr ipt ion 
of each a l t e rna te ,  and an indication of the  DTO's accomplished by each 
a l t e rna te  are  included. Input spacecraft data and a descr ipt ion of the 
nominal mission are presented i n  reference 3 .  Where the  plans assume t h a t  
a C O I  has occurred, a vector from such a simulation has been used f o r  
i n i t i a l  conditions. A C O I  burn r e su l t s  i n  an e l l i p s e  with a perigee 
a l t i t u d e  of 75 n. m i .  Nominally the f l igh t  dynamics o f f i c e r  w i l l  pad 
the  AV requirement f o r  a 75-n. m i .  perigee and thereby r a i s e  perigee. If 
the  AV pad is  not achieved, the C O I  burn w i l l  be ca l led  marginal. Input 
spacecraft  data  and a descr ipt ion of the nominal mission a re  contained 
in reference 3 .  Maneuver plans, l i gh t ing  h i s t o r i e s  and s t a t i o n  contact 
information have been included f o r  those missions which have been s i m -  
u la ted  . 
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The maneuver plans 131 each a l t e rna te  contain the  following infor- 
mation. 

1. Ti t l e  of maneuver. 

2. Ground elapsed time of maneuver. 

3 .  Revolution i n  which maneuver occurs. 

4. The time length of the  burn, 

5.  The t o t a l  AV applied. 

6 .  The AV t a rge t  loads i n  the ex te rna l  AV system. 

7, The IMU alignment f o r  the  current  maneuver. 

8. The resu l tan t  e l l i p se .  

9. The primary and secondary cont ro l  modes f o r  the  maneuver. 

10. The pr inc ipa l  s t a t ion  covering the maneuver. 

11. Some comments on the purpose of the  maneuver. 

The maneuver plan t ab le s  use four  words t o  describe the  IMU al ign-  
ment t o  be used f o r  the current maneuver: launch, TPI, preferred, and 
deorbi t .  The IMU alignment a t  launch i s  used t o  perform some maneuvers 
ear ly  i n  the  mission and t h i s  augnment w i l l  be referred t o  i n  the maneuver 
plan t ab le s  as launch. The launch alignment has the  X-axis of t h e  DIU 
aligned w i t h  the f l i g h t  azimuth, and the  Z-axis aligned with the negative 
pad ve r t i ca l .  The Y-axis completes a right-handed system. 

Approximately three o rb i t s  before the WI burn, the  IMU w i l l  be 
aligned such tha t  a t  TPI burn ign i t ion  the  outer gimbal angle is  Oo, 
the  inner gimbal angle i s  equal  t o  the  elevat ion angle between the  CSM 
and S-IVB, and the  middle gimbal angle i s  0'. This IMU alignment i s  used 
f o r  both the  NCC and NSR maneuvers, and w i l l  be referred t o  i n  the 
maneuver plan t ab le s  as  TPI. 

When the lMlT i s  aligned such t h a t  the IMU gimbal angles a r e  all 
O o  a t  SPS burn ign i t ion ,  the  maneuver plan t ab le s  w i l l  r e f e r  t o  the 
IMU alignment as preferred. 

When the IMU i s  aligned such t h a t  the  IMU gimbal angles a re  outer  = 180°, 
inner = 1 8 G o ,  and middle = 0' a t  SPS deorbi t  burn ign i t i on  the maneuver plan 

t ab le s  w i l l  r e f e r  t o  the  IMU alignment a s  deorbi t .  The IMU may be allgned 
t o  the deorbit  alignment pr ior  t o  the  SPS o r b i t a l  maneuver preceding the  
deorbi t  burn. This requires t h a t  the SPS o r b i t a l  maneuver have l i t t l e  o r  
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no out-of-plane veloci ty  component s ince the  IMU must be torqued t o  prevent 
gimbal lock on la rge  out-of-plane ve loc i ty  changes. 

One-Day Mission Plans 

There a re  four plans being considered f o r  1-day missions. The first 
two a l te rna tes ,  l a  and lb,  terminate with a landing i n  the  Middle Pac i f ic  
Recovery Zone i n  the s ix th  revolution. Alternate la considers a COI,  and 
a l t e r n a t e  l b  does not. The th i rd  and four th  plans, a l t e rna te s  IC and Id, 
terminate with a landing i n  the west Atlant ic  near t he  end of the  first 
day. Alternate IC considers a COI, and a l t e rna te  I d  does not. Nominally, 
only the  deorbi t  burn would be scheduled; however, i f  a C O I  were necessary 
there  would be an addi t iona l  SPS maneuver. 
assumed t h a t  the  C O I  was marginal. Alternates  l b  and I d  follow the  
nominal operat ional  t r a j ec to ry  plan until deorbi t .  Tables I and I1 present 
the maneuver plan, l i gh t ing  history,  and s t a t i o n  contacts  f o r  a l t e rna te s  
l a  and IC, respectively.  

For a l t e r n a t e  l a ,  it was 

4 

Two-Day Mission Plans 

Three 2-day mission plans, a l te rna tes  2a, 2b, and 2c, are being con- 
sidered. TWO days does not permit a l l  t es t  objectives t o  be m e t .  The 
mission can have a rendezvous and two addi t iona l  SPS maneuvers (one f o r  
deorb i t )  or no rendezvous and four maneuvers (one f o r  deorbi t ) .  

Alternate 2a.- Alternate 2a considers t h a t  the  S-IVB i s  i n  an accept- 
able  o rb i t  and has been made safe.  In  t h i s  case, the  rendezvous w i l l  
occur as  i n  the nominal mission, the deorbi t  w i l l  be under GNCS control,  
and the other maneuver w i l l  be used t o  evaluate SCS control .  The SCS 
burn w i l l  occur over Carnarvon i n  revolution 28. The GNCS deorbi t  burn 
w i l l  occur over Hawaii i n  revolution 31, and landing w i l l  occur i n  the  
west Atlant ic  i n  revolution 32. Table I11 gives the maneuver plan, 
l i gh t ing  h is tory ,  and s t a t i o n  contacts f o r  t h i s  a l t e rna te .  If the  SCS 
burn were extended t o  approximately 70 seconds, the SPS performance and 
gauging tests could be accomplished. 

Alternate 2b.- Alternate 2b assumes t h a t  an SCS C O I  burn of less than 
31 seconds has occurred. The f i r s t  maneuver w i l l  be a GNCS burn i n  rev- 
olut ion 16 over Carnarvon t o  ad jus t  the  propellant l e v e l  f o r  the  gauging 
system test .  If the C O I  d i d  not s a t i s f y  the  SCS tes t  requirement, t h i s  
maneuver would be under SCS control. I f  the C O I  were between 28 and 31 
seconds, t h i s  maneuver could be a minimum-impulse t e s t .  A 57-second burn 
f o r  t he  SFS performance, gauging and GNCS/MTVC tests w i l l  occur over Cape 
Kknnedy i n  revolution 19. A minimum impulse t e s t  w i l l  be performed over 
Carnarvon i n  revolution 29 and the GNCS deorbi t  burn over Hawaii occurs 
i n  revolut ion 32 f o r  a west Atlantic landing i n  revolution 33. Table I V  
gives the  maneuver plan, l igh t ing  h is tory ,  and s t a t i o n  contacts.  Because 
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the  CSM-active rendezvous objective can be traded f o r  the minimum-impulse, 
gauging system, and manual takeover t e s t s ,  t h i s  plan may be preferable t o  
the  2a plan when the conditions necessary for entry i n t o  the  2a plan ex is t .  

Alternate 2c .- I n  the th i rd  2-day plan, a l te rna te  2c, it i s  assumed 
t h a t  t he  S-IVB is not available and t h a t  a C O I  burn of more than 31 seconds 
has occurred. The COI burn w i l l  suf f ice  f o r  the SCS t e s t .  The f irst  
scheduled maneuver w i l l  be performed over Cape Kennedy i n  revolution 17. 
The burn objective w i l l b e  a minimum impulse t e s t .  The second maneuver 
w i l l  occur two revolutions later over Cape Kennedy. 
depend on the  exact propellant level .  
be a GNCS MTVC maneuver. This requires a minimum maneuver time of 35 
seconds. If t h i s  duration i s  impossible, the maneuver w i l l  be a GNCS- 
controlled,  orbi t  -shaping maneuver t h a t  uses whatever aV is  available.  
The th i rd  maneuver w i l l  be a second minimum-impulse t e s t .  The maneuver 
w i l l  occur over Carnarvon i n  revolution 29. The deorbit  maneuver w i l l  
occur over Hawaii i n  revolution 32 and landing w i l l  be i n  the  West 
Atlant ic  i n  revolution 33. Table V gives a maneuver plan, l i gh t ing  h i s -  
tory,  and s t a t ion  contact h i s tory  f o r  a l te rna te  2c. 

Burn objectives w i l l  
The most desirable  objective would 

Three-Day Mission Plans 

The three-day missions allow a l l  mission objectives t o  be scheduled. 
Three plans are presented, a l te rna tes  3a, 3b, and 3c. 

Alternate 3a.- I n  the  f i r s t  plan, a l t e rna te  3a, it is  assumed t h a t  
the  S-IVB i s  available. The rendezvous w i l l  occur a s  i n  the  nominal 
mission. 
the  l e v e l  f o r  the SFS performance and gauging system t e s t .  These t e s t s  
w i l l  be performed over Cape Kennedy i n  revolution 32. 
t e s t  w i l l  be performed short ly  pr ior  t o  the GNCS deorbi t  burn, which occurs 
i n  revolution 45 over Hawaii. 
west Atlant ic .  This plan simulates the  minimum-impulse test i n  revolution 
42 over the  Canary Islands. Table V I  presents t he  maneuver plan, l i gh t ing  
his tory,  and s ta t ion  contacts his tory.  

In  revolution 28 an SCS burn w i l l  occur over Carnarvon t o  adjust  

A minimum-impulse 

Landing w i l l  be i n  revolution 46 i n  the  

Alternate 3b .- The second three-day plan, a l t e rna te  3b, considers 
t h a t  the  S-IVB is not available and t h a t  a C O I  burn of l e s s  than 31 seconds 
has occurred. The f i r s t  maneuver w i l l  be a GNCS-controlled maneuver i n  
revolution 17 over Cape Kennedy t o  adjust  the  propellant l e v e l  for SPS 
performance and gauging system t e s t s .  
sa t i s fac tory  SCS t e s t ,  t h i s  maneuver w i l l  be under SCS control.  
maneuver w i l l  be a minimum-impulse t e s t  over Cape Kennedy two revolutions 
l a t e r .  The SPS performance and gauging system t e s t s  w i l l  occur over 
Cape Kennedy in revolution 32. 
performed shortly pr ior  t o  the  GNCS deorbit ,  which occurs i n  revolution 47 
over Hawali. This simulation r e f l e c t s  the second minimum-impulse t e s t  over. 

I f  the C O I  burn d i d  not provide a 
The second 

A second minimum-impulse t e s t  w i l l  be 
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the  Canary Islands i n  revolution 43. 
i n  revolution 48. 
and s t a t ion  contacts h i s tory  f o r  this a l te rna te .  

Landing occurs i n  the west Atlant ic  
Table VII presents a maneuver plan, l i gh t ing  h is tory ,  

Alternate 3c.-The t h i r d  3-day plan, a l te rna te  3c, considers t h a t  
the S-IVB i s  unavailable and t h a t  a C O I  burn of more than 31 seconds has 
occurred. The C O I  burn w i l l  suff ice  for an SCS t e s t .  The first maneuver 
w i l l  be a minimum-impulse t e s t  over Cape Kennedy i n  revolution 17. 
second maneuver w i l l  occur over Cape Kennedy two revolutions l a t e r .  The 
objective of t h i s  maneuver w i l l  be determined by the propellant l eve l  as 
i n  a l te rna te  2c. 
Kennedy i n  revolution 32. 
i n  revolution 46 t o  produce a landing i n  t h e  west Atlant ic  i n  
revolution 47. 
and s t a t ion  contacts h i s t o r y ,  respectively. 

The 

The second minimum-impulse t es t  w i l l  occur over Cape 
The GNCS deorbi t  burn w i l l  occur over Hawaii 

Table VIIS presents the maneuver plan, l i gh t ing  h is tory ,  

Alternate Fkndezvous Plan 

The only a l te rna te  rendezvous plan being considered i s  a 1-day delay. 
Alternate rendezvous plans w i t h  a delay of one revolution are not con- 
sidered because of the loss  of good MSFN coverage. A rendezvous delay 
of more than 1 day is not considered because of the drag uncertaint ies  
of t he  S-IVB. 
same maneuver plan, the same s ta t ion  coverage, and the same l ight ing.  

A 1-day delay i n  the rendezvous allaws approximately the  

h m  The plan involves delet ing N C C l  a t  26 25 g.e.t. and making, instead, 
a SM RCS maneuver t o  reestabl ish the near-nominal phasing (CSM leading by 
about 75 n. m i . )  one day l a t e r .  The SM RCS burn of about 12 fps  has been 

scheduled t o  occur over Ascension i n  revolution 18 a t  about 27 30 g.e.t. 
Of course, the rendezvous maneuvers (NCC and NSR) s l i p  approximately one 
day and the terminal phase follows es sen t i a l ly  the same plan as  t h a t  of 
the  nominal. 
t ra jec tory .  A maneuver plan is presented i n  tab le  M. 

h m  

The remainder of the mission follaws the  nominal operat ional  

ALTERNATE MISSION PROFIIE EVALUATION 

Table X presents an evaluation of the capabi l i ty  of the a l t e rna te  
mission prof i les  t o  s a t i s f y  the profile-related t e s t  objectives discussed 
i n  this  document. 

Since none of the a l te rna te  mission prof i les  schedules more maneuvers 
or require longer t o t a l  mission duration than the  nominal mission, it i s  
concluded t h a t  a consumables analysis would r e f l e c t  greater  consumable 
margins than the nominal mission. 
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